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Nosocomial legionellosis is a growing concern worldwide. In Hungary, about 
20% of the reported cases are health-care associated, but in the absence of legal 
regulation, environmental monitoring of Legionella is not routinely performed in 
hospitals. In the present study, 23 hospitals were investigated. The hot water distri-
bution system was colonized by Legionella in over 90%; counts generally exceeded 
the public health limit value. Hot water temperature was critically low in all systems 
(<45 °C), and large differences (3–38 °C temperature drop) were observed within 
buildings, indicating insuffi cient circulation. Most facilities were older than 30 years 
(77%); however, new systems (n = 3) were also shown to be rapidly colonized at low 
hot water temperature. Vulnerable source of drinking water, complex distribution 
system, and large volume hot water storage increased the risk of Legionella preva-
lence (OR = 28.0, 27.3, 27.7, respectively). Risk management interventions (includ-
ing thermal or chemical disinfection) were only effi cient if the system operation 
was optimized. Though the risk factors were similar, in those hospitals where 
 nosocomial legionellosis was reported, Legionella counts and the proportion of 
L. pneumophila sg 1 isolates were signifi cantly higher. The results of environmental 
prevalence of legionellae in hospitals suggest that the incidence of nosocomial le-
gionellosis is likely to be underreported. The observed colonization rates call for the 
introduction of a mandatory environmental monitoring scheme.
Keywords: hospital acquired legionnaires’ disease, Hungary, Legionella 
spp., risk assessment
Introduction
Nosocomial legionellosis is a growing concern worldwide. It was reported 
to be responsible for up to 14% of all health-care associated pneumonia cases [1]. 
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In countries with higher awareness of Legionella, risk management plan and pre-
ventive measures are implemented in the hospitals. Some regulations rely solely 
on clinical surveillance, while others require environmental monitoring as well. 
Consequently, Legionella alert is either given on the incidence of nosocomial le-
gionellosis or at a certain level of colonization [2]. The latter is usually defi ned as 
a combination of high ratio of positive samples, and a colony count limit value of 
the individual samples. The limit of intervention is variable in different coun-
tries, but the most widely accepted value for hot water systems is 1000 colony 
forming unit (CFU)/L [3–6]. All health care facilities are considered high-risk 
areas due to the susceptibility of the exposed population, and the high mortality 
of nosocomial legionellosis (30%) [7, 8]. Some wards (e.g. intensive care units, 
oncology, haematology, transplantation or dialysis) are considered even more 
sensitive, and therefore stricter limit values may apply [0 CFU/L – 250 CFU/L 
depending on the national regulations] [5].
In Hungary, there is currently no regulation for environmental monitoring 
of Legionella in hospitals. The clinical surveillance system is active and in-
cludes legionellosis as a mandatory reportable disease. However, due to the low 
general awareness, the diagnostic tests are seldom directed towards Legionella. 
As a consequence, legionellosis is presumably largely underdiagnosed and 
 underreported in Hungary. The number of reported cases between 2009 and 2013 
was 4.5/year/million inhabitants on average, 18% of which were nosocomial 
(confi rmed or presumed) [9]. This value is considerably lower than the EU aver-
age (11.4 cases/million inhabitants, including 5% nosocomial) [9].
The largest recognized health-care associated Legionella infections were 
linked to the cooling towers on the premises of the hospitals [10]. Though cooling 
towers are still a concern, the potable or hot water distribution system is also 
considered to be a major source of infection [11–18]. However, there is seemingly 
no direct correlation between the Legionella sp. counts and the number of de-
tected legionellosis cases [18]. Other factors, such as the species and serotype 
distribution – and in effect the virulence – of the strains present in the water 
distribution system or other potential source also infl uence the prevalence of in-
fections. Although numerous parameters such as water temperature, pipe materi-
als, fl ow circumstances, stagnation, pipe corrosion, some trace elements and the 
presence or absence of some other microorganisms are well-known factors fa-
vouring the growth of Legionellaceae, it is unclear what determines the preva-
lence of certain taxa [19–23]. The presence of hazardous exposure routes, e.g. 
aerators or humidifi ers using tap water or aerating tap faucets and showerheads 
also enhances the risk of infection, as well as the immunostatus of the patients 
[8, 24].
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In the absence of monitoring, there was no previous data on the coloniza-
tion rates of the hospitals in Hungary.
In the present study, 23 Hungarian hospitals of various geographic loca-
tions were surveyed. Some of the hospitals (14) reported at least one nosocomi-
al legionellosis case. The hospitals were compared with respect to the level of 
 Legionella colonization, the presence of presumably virulent serotypes, architec-
tural engineering characteristics. The aim was to assess the contribution of the 
various factors in rate of colonization in hospitals and the prevalence of recog-
nized legionellosis cases.
Materials and Methods
Study sites
Twenty-three hospitals were surveyed by on-site investigation and water 
sampling (Table I). A standardized questionnaire was used to identify all poten-
tial risk sources. The questionnaire covered a wide range of water environments, 
such as wet cooling towers, hydrotherapy pools, humidifi ers or air conditioning, 
indoor or outdoor decorative fountains, stored water for fi re-fi ghting systems, 
sprinklers, etc. However, answers were uniformly negative in all facilities, and 
accordingly subsequent investigation was focused on the potable and hot water 
distribution system. One hospital had two separate hot water systems, thus over-
all 24 systems were characterized for Legionella colonization. Information on the 
building (age, size, complexity), potable water (source, storage, treatment), hot 
water production (primary heat source, storage conditions, preset temperature, 
recirculation) was also recorded during the site visit.
Sample collection
During the study period, 799 samples were taken from 23 hospitals’ hot 
(n = 636) and cold (n = 163) water supplies. The sampling scheme within build-
ings (targeting hot water storage tanks, return loops and distal outlets, including 
showerheads and taps) was designed to represent the entire distribution system 
according the EWGLI Guidelines [25]. If the sampling was performed after the 
hospital reported nosocomial legionellosis cases, the water outlets in the pa-
tients’ room were also sampled [2].
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Water samples were collected according to the standards ISO 5667-5:2006 
[26] and ISO 19458:2006 [27] without fl aming after 1 min fl ushing in sterile bot-
tles with 0.1% Na2S2O3 to neutralise residual free chlorine and transported im-
mediately to the laboratory. Water temperatures were measured with an elec-
tronic calibrated thermometer (testo-735, Testo Ltd., Lenzkirch, Germany).
Microbiological analysis
The water samples were analysed for Legionella sp. by standard culture 
technique according to ISO 11731-2:2004 [28] briefl y as follows: 100 mL aliquot 
was fi ltered on a 0.45 μm pore size black cellulose nitrate membrane (Sartorius 
Stedim Biotech Ltd., Göttingen, Germany). A fi ve-minute acid wash (pH 2.2) 
was applied to the fi lters to suppress background microbiota. Legionella sp. was 
cultured on GVPC (Oxoid Ltd., Basingstoke, Hampshire, UK) at 36±2 °C for 10 
days and read on days 3, 5 and 10 under a dissecting microscope. Presumptive 
Legionella colonies were subcultured on BCYE with and without cysteine 
( Oxoid Ltd., Basingstoke, Hampshire, UK) to test for cysteine auxotrophy; the 
cultures were incubated at 36±1 °C for 2 days. Presumptive legionellae were 
identifi ed by seroagglutination (Legionella latex test, Oxoid Ltd., Basingstoke, 
Hampshire, UK). The test allows the identifi cation of L. pneumophila serogroup 
1 and 2–14 and detection of seven species of non-pneumophila legionellae. 
Counts are given as the number of colony forming units (CFU) per 1 L of the 
water, so the detection limit of the method was 10 CFU/L.
Data management and statistical analysis
Only well-characterized hot water systems were included in the analysis, 
where samples from multiple representative points were available. Some systems 
were sampled repeatedly, in this cases only the samples from the fi rst sampling 
were included in the analysis of prevalence (289 hot and 79 cold cold water sam-
ples). Taps fi tted with point-of-use bacterium fi lters were excluded (n = 2).
Systems on the fi rst sampling occasion were sampled under normal operat-
ing condition; targeted interventions to reduce Legionella colonization – if neces-
sary – were only performed after the fi rst postitive results. The subsequent sam-
pling results were considered post-intervention (n = 347).
Statistical analysis was performed using SPSS (SPSS Inc., Chicago, Il., 
USA). When possible, variables were categorized dichotomically. Mann–Whit-
ney (MW) and Kruskal–Wallis (KW) test were performed to compare the mean 
values of Legionella counts in connection with the measured variables. The sero-
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type distribution of the isolated Legionella strains was assessed using Chi2 test. 
Odds ratios (OR) with 95% confi dence intervals (CI) were calculated to compare 
the proportions of contamination with respect to the measured variables. Varia-
bles that were signifi cant and quasi-symmetric in the univariate analysis or 
strongly signifi cant in MW were entered in a multiple logistic regression model.
Results
Legionella colonization
Legionella spp. was isolated from the hot water system of 92% of the inves-
tigated hospitals, only two systems were not colonized (Hospital nr. 6 and 13) 
(Table I). In 18 hospitals, over half of the samples were positive; Legionella 
counts exceeded the public health intervention value of 1000 CFU/L in 75% of 
the systems, thus indicating extensive colonization (Figure 1). In 29% of the hos-
pitals the maximum value was over the limit of immediate intervention (104 
CFU/L).
On the fi rst sampling occasion, 70% of the hot water samples (n = 286) and 
38% of the cold water samples (n = 78) were positive (median 1.2.103 CFU/L and 
Figure 1. Legionella CFU counts detected in the hot water samples of the hospitals 
on the fi rst sampling occasion. The box indicates the upper and lower quartiles, with median shown 
as a black line. Error bars show the minimum and maximum value (excluding outliers). 
Sample numbers by facility: n01 = 9, n02 = 7, n03 = 33, n04 = 10, n05 = 4, n06 = 8, n08 = 15, 
n09 = 14, n10 = 14, n11 = 14, n13 = 16, n14 = 12, n16A = 8, n16B = 5, n17 = 10, n18 = 12, n19 = 26, n22 = 11, n26 = 2, 
n27 = 17, n28 = 17, n30 = 8, n31 = 7, n33 = 7, ntotal = 286
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0 (<10) CFU/L, respectively). Legionella counts were signifi cantly lower in cold 
water; the limit value was exceeded in 51% of the hot and 6% of the cold water 
samples. The maximum observed values were over 106 CFU/L in both hot and 
cold water systems. In the supplied potable water, where sampling was possible, 
Legionella counts were below the limit of detection. Hot water storage tanks 
(n = 15) were colonized in 60%, counts exceeded 1000 CFU/L in 30%.
Hot water samples taken in high risk points, such as intensive care, haema-
tology or solid organ transplant units (n = 103) were similar from other hospital 
samples (n = 183): 66% was positive for Legionella. Median CFU counts were not 
different either (1300 and 1070 CFU/L in high risk and other samples, respec-
tively, MW p = 0.797).
L. pneumophila was the most prevalent species in the hot water samples. 
The most virulent serotype, L. pneumophila sg 1 was isolated from one third of 
the positive samples (87/201). Other serotypes (L. pneumophila 2–14) were de-
tected in 69%. Non-pneumophila species (not identifi ed further) were present in 
23% of the samples. Generally more than one type colonized a distribution sys-
tem. In cold water samples, the distribution of L. pneumophila sg 1, 2–14 and 
L. species was similar to the hot water samples.
Infl uencing factors
Water temperature
On the fi rst sampling occasion, temperature of the fl ushed hot water sam-
ples (n = 210) was critically low, median temperature was 44 °C, and even the 
upper quartile was under 50 °C (49 °C). Only 4% of the samples reached the in-
ternationally recommended safe value of 55 °C. Over 55 °C, only one sample was 
positive for Legionella (20 CFU/L, n = 9), while under 55 °C Legionella was de-
tected in 75% of the samples, and in 59% CFU counts exceeded the public health 
limit value. The difference was signifi cant (OR = 23.5, p = 0.003). Since in most 
hospitals even the set temperature of the boilers was below 55 °C, and only a frac-
tion of the samples exceeded this value, the potential protective effect of tem-
peratures over 50 °C was also assessed. It was confi rmed to reduce colonization 
rates (OR = 6.9, p = 0.0001).
Hot water temperature of the point of use outlets depends on the tempera-
ture of the produced water (initial temperature), and the temperature drop within 
the system. In the majority of the investigated hospitals, the initial temperature 
was lower than 60 °C, only 3 systems reached this value. The temperature drop 
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within the hot water distribution (difference between the initial temperature and 
the temperature at the distant outlets) was over 10 °C in 75% of the buildings, 
indicating low effi ciency of water circulation and the presence of stagnant water 
in the distribution system. In 2 hospitals the temperature difference was extreme 
(over 30 °C).
Cold water temperature was over 20 °C in fi ve hospitals, and over 30 °C in 
two. In one hospital (Nr. 31), the hot and cold water temperature was identical 
(30–32 °C) in one wing of the building. The investigation revealed that during a 
recent reconstruction the potable and hot water sytem was inadvertently inter-
connected.
Engineering aspects
Building characteristics are generally presumed to infl uence the coloniza-
tion of the water system. In the present study, age of the building and the distribu-
tion pipelines, building size (number of storeys) complexity of the buildings shar-
ing a single hot water system (one building/more building, location of the boiler 
room – inside or outside the sampled building – were assessed.
Majority of the investigated hospitals (17/22) was more than 30 years old, 
40% was built before 1950 (Table II). Contrary to the expected and previous re-
sults, both the rate of Legionella positive samples and the median Legionella 
counts were higher in the newer facilities (built after 2000) (OR = 2.4, p = 0.032). 
The results might be distorted by the low number of new buildings.
Rate of positive samples increased consistently with the number of storeys 
(KW, p = 0.001), but severe contamination was found in some of the lower build-
ings as well. Ground level and one-storey buildings very often belong to tradi-
tional multi-building hospital complexes dispersed over a large plot. The longer 
and more complex distribution systems might account for the observed differ-
ence in colonization rates: if the system is shared between more buildings, both 
the ratio of positive samples and the CFU counts were higher (OR = 2.9, p = 
0.0001).
The source of drinking water may also infl uence colonisation as the initial 
microbial community is widely different in the various source waters. In the po-
table water samples from the hospitals’ distribution system, deep-ground water 
derived water was the least likely to contain Legionella over the limit of detec-
tion. Rate of positive samples and Legionella counts were both signifi cantly 
 higher in bank fi ltered and carstic water derived potable water samples (OR = 9.2, 
p = 0.004 and MW, p = 0.01, respectively).
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Table II. Characteristics of the building, water supply and distribution systems 
of the investigated hospitals. Data was collected by questionnaire survey and on-site investigation. 
Facilities that reported or not reported nosocomial legionellosis case(s) during the study period 
were confi rmed. Rate of positive samples was calculated for the fi rst sampling
Characteristic
Frequency (%) of buildings
Samples (positive 
for Legionella/all)
Reported 
nosocomial 
legionellosis
Not reported 
nosocomial 
legionellosis
Total
Source water
Deep groundwater  31/63
Public network   0  2   2  30/43
Private well   3  0   3   1/20
Karstic water   3  0   3  21/33
Bank fi ltration   9  7  16 148/190
Number of buildings
1 building   7  4  11  70/121
More buildings   8  5  13 130/165
Age of the hospital building
Before 1949   6  3   9  71/105
Between 1950 and 1979   4  4   8  47/75
Between 1980 and 1999   2  2   4  41/54
After 2000   3  0   3  40/48
Bulding structure
Simple (one-wing)   4  2   6  44/66
Complex (multiple wings)  11  7  18 154/220
Number of fl oors
0–1   1  0   1  11/11
2–3   2  0   2   9/23
4–6   8  8  16 122/188
≥7   4  1   5  58/64
Production of domestic hot water
Centrally within the building   7  7  14 106/163
Centrally outside the building   8  1   9  93/119
Primer heat source for hot water production
Gas furnace on premises  11  7  18 137/217
Transported hot water or steam   4  2   6  63/69
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Characteristic
Frequency (%) of buildings
Samples (positive 
for Legionella/all)
Reported 
nosocomial 
legionellosis
Not reported 
nosocomial 
legionellosis
Total
Temperature-drop within the in-building water distribution system (1st sampling)
≤5 °C   2  3   5  16/16
6–10 °C   1  1   2  30/51
>10 °C  12  4  16 153/215
Number of hot water storage tanks
0   1  1   2   7/7
1   4  3   7  55/60
>1  10  3  13  94/115
Volume of stored hot water
<2.5 m3   4  4   8  40/49
≥2.5 m3  10  2  12 109/126
Position of hot water storage tanks
Vertical  10  5  15  99/123
Horizontal   4  1   5  37/38
Connetction of the hot water storage tanks
Linear   3  1   4  22/39
Parallel   6  2   8  56/60
Hot water temperature (number of samples, 1st sampling)
≤55 °C 119 82 201 150/201
>55 °C   4  5   9   1/9
Hot water temperature (number of samples, 1st sampling)
≤50 °C 102 74 176 139/176
>50 °C  21 13  34  12/34
Drinking water storage
Yes   3  0   3  34/48
No  12  9  21 166/238
Table II. (cont.)
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In the hot water samples, results were similar: highest Legionella counts 
were found in systems supplied by bank fi ltration, but karstic water derived hot 
water were not signifi cantly different. CFU counts in the deep groundwater de-
rived hot water samples (n = 63), however, were signifi cantly lower than any of 
the other 2 groups (OR = 3.2, p = 0.0001). Groundwater derived samples were 
divided further into public utility supplies and private wells, Legionella counts 
were signifi cantly lower in the former group (MW p < 0.001).
The observed effect of source water was independent from water treat-
ment, including the presence or absence of disinfection. Individual water treat-
ment was not applied in any of the hospitals, but 19 were supplied by disinfected 
(chlorinated), and 4 by non-disinfected potable water. Legionella counts were 
signifi cantly higher in the former (MW, p = 0.0001).
Drinking water storage (present in 3 hospitals) did not increase the rate of 
positive samples or the observed CFU counts, neither when analysed as an inde-
pendend factor or in combination with the source of the potable water. All inves-
tigated hospitals had centralized hot water production, produced either within the 
building, or outside, but within the premises (Table II). The latter was identifi ed 
as higher risk for colonization (OR = 2.0, p = 0.012). Primary heat source was gas 
furnace in 6 and hot water transported from an external heat plant in 17 hospitals. 
Though in both cases the hot water is produced through a heat exchanger (thus 
there is no contact between the primary water and the produced water), and the 
produced water temperature is not different, the latter resulted in signifi cantly 
higher Legionella counts (OR = 6.1, p = 0.0001). Hot water was stored in most 
distribution systems (92%), this also increased the risk of Legionella coloniza-
tion, especially in the case of more than one storage tanks or large stored volume 
(Table II). The position and the connection of the storage tank was also a statisti-
cally signifi cant factor (horizontal, parallel tanks being the highest risk), howev-
er, due to the low number of cases in each group, the practical signifi cance of this 
result is low (Table II).
Multivariate analysis of the risk factors
Signifi cant factors (either in the rate of positivity or Legionella count) from 
the above analysis were included in multiple logistic regression analysis (Table 
III). Water temperature was confi rmed to be the strongest determinant: Odds 
ratio was 58.3 for samples below 50 ºC (p = 0.004). Though 55 °C was shown to 
be even more protective against Legionella colonization, it was not included in 
the multivariate analysis due to the limited number of samples above this value. 
Hot water distribution systems shared between several buildings are also in-
creased risk environments (OR = 27.3, p = 0.042). Volume of the stored water and 
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Table III. Predictive variables associated with Legionella spp. presence 
as determined by univariate and multiple logistic regressions. Variables from that were found 
signifi cantly associated with the rate of positive samples or Legionella CFU counts in Mann–Whitney 
univariate logistic regression tests were included in the multivariate analysis
Characteristics Univariate regression
OR (95% CI)
Multiple logistic 
regression
(95% CI)
Source water other than groundwater
(karstic and bank fi ltered water)
 3.2 (1.8–5.8)1 28.0 (0.7–990.5)
Year of construction of the building ≥2000  2.4 (1.1–5.4)3  0.6 (0.1–3.2)
More buildings sharing the hot water network  2.9 (1.7–4.9)1 27.3 (1.1–659.5)3
Complex building structure (multiple wings e.g.)  1.0 (0.6–1.9)  –
Temperature of the hot water samples: <50 °C  6.9 (3.1–15.2)1 58.3 (3.7–927.3)2
Temperature of the hot water samples: <55 °C* 23.5 (2.9–192.7)2  –
Hot water production outside of the building sampled  2.0 (1.2–3.5)3  0.4 (0.0–9.4)
Production the primer heat energy: with district heating  6.1 (2.5–14.8)1  5.7 (0.5–62.6)
Number of hot water storage tanks: >1  0.4 (0.1–1.1)  –
Volume of the stored hot water ≥2.5 m3**  1.4 (0.6–3.5) 26.7 (0.9–764.0)
1 p < 0.001, 2 p < 0.005, 3 p < 0.05
* Not included in the multivariate analysis because of the low sample number of samples over 55 °C
**Included in the multivariate analysis because of the strong signifi cant result by Mann–Whitney test
the source of drinking water (if derived from other source than deep groundwa-
ter) also increased the risk of colonization, however, the result was not statisti-
cally signifi cant at a 95% confi dence level (OR = 26.7, p = 0.055 and OR = 28.0, 
p = 0.067, respectively). According to the univariate analysis, newer buildings 
(built after 2000) were more likely to be colonized; this – evidently biased – cor-
relation was no longer seen in the multivariate analysis. The type of the primary 
heat used for hot water production, which was also an unexpected infl uencing 
factor, as it is not directly in contact with the produced hot water, was not found 
to be signifi cant when combined with other parameters.
Effect of risk management interventions
Most hospitals initiated risk management actions after the fi rst unfavoura-
ble results. Interventions included one or more of the followings: increasing the 
hot water temperature, (single or regular) heat-shock disinfection, pipeline recon-
struction or other engineering works, shock or continuous chemical disinfection 
or installation of point-of-use bacterium fi lters in the high risk wards (Table IV).
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Table IV. Effi ciency of the risk management interventions. Risk management measures 
were usually performed after the fi rst positive results (where applicable). 
Effi ciency was characterized as the rate of samples over the public health limit value
Code Risk management intervention Post-intervention samples 
(above 1000 CFU/L/all)
01 System regulation 29/58
04 nd  nd
08 Regular heat-shock, system regulation  3/19
14 nd  nd
16
A Heat-shock  3/7
B Heat-shock  4/6
17 Heat-shock  3/3
18 –  0/2
19 Heat-shock  5/5
22 Heat-shock  0/13
27 Heat-shock 18/61
28 Heat-shock  5/9
30 In progress
31 POU fi lters, elevated hot water temp.  6/6
33 nd  nd
02 Continuous disinfection system regulation
 0/27
03 Chlorine-dioxid, system regulation  0/10
05 Heat-shock  0/4
06 nd  6/7
09 nd  nd
10 nd  4/34
11 nd  nd
13 nd  nd
26 nd  nd
nd: no data; POU: point-of-use
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Overall effect of the interventions was clearly positive: hot water samples 
from the fi rst sampling occasions in the investigated hospitals (n = 184) were 
more likely to be positive for Legionella, than the subsequent samples (n = 294) 
(70% vs 56%; OR 1.8 p = 0.001), and Legionella counts were also higher (MW, 
p < 0.001). Though the number of samples exceeding the public health limit value 
decreased by almost 40%, still one third were over 1000 CFU/L. Legionella 
counts in cold water samples from the fi rst (n = 78) and subsequent samplings 
(n = 57) were not different (MW, p = 0.299).
Figure 2. Effi ciency of risk intervention measures in Hospital 28 (a) and Hospital 02 (b). 
Arrows indicate the time of interventions. In Hospital 28, heat shock disinfection was applied 
in October, 2013 (a1) and February, 2014 (a2). Hot water system was optimized and hot water 
temperature elevated subsequently (a3). In Hospital 02, chemical disinfection was used, 
fi rst as a shock treatment (b1), then continuously (b2)
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The median hot water temperature was elevated in 7 hospitals after the 
fi rst sampling, though it only reached 50 °C in one (data not shown). The ratio of 
samples over 50 and 55 °C was doubled (from 16% to 33% and 4% to 9%, respec-
tively). Median temperature was unchanged (44 °C).
Heat-shock disinfection was reported by 8 hospitals (Table IV). Results 
indicated that the treatment was effi cient in reducing the Legionella counts in the 
system, however, the effect was only temporary, if it was not repeated regularly 
(Figure 2a). One facility successfully applied fi rst shock, then continuous chemi-
cal disinfection (Figure 2b). Both measures were only effi cient if applied com-
bined with system optimization.
The only unanimously effective method for the elimination of Legionella 
from the hot water at the tap was the application of point-of-use bacterium fi lters. 
Three hospitals introduced this intervention (one before and two after the fi rst 
positive results). Only one of the samples from taps with fi lters (n = 55) contained 
Legionella (3×104 CFU/L). This hospital used reusable fi lters which were not re-
placed and disinfected according to the manufacturer’s instruction. After the cor-
rection of management practices, all subsequent samples were negative.
Comparison of hospitals reporting and not reporting 
nosocomial legionellosis
Fourteen hospitals reported presumptive or confi rmed cases of nosocomial 
legionellosis during the study period, either before or after the fi rst sampling. 
To assess the potential signifi cant factors contributing to the infections, “report-
ing” and “non-reporting” hospitals were compared. In some cases the patients 
stayed in more than one hospitals during the latency period (2–14 days before the 
onset of the symptoms); all of these were considered “reporting” for the following 
analysis, regardless of the outcome of the epidemiological investigation. Both the 
rate of positive hot water samples (83% vs. 49%), the number of samples over the 
public health limit value (60% vs. 36%) and the median Legionella count (2.7×103 
vs. 0 (<10) CFU/L, MW, p<0.001) were signifi cantly higher in the reporting 
group. The hospitals reporting infections were colonized to a similar extent, 
while the colonization rates in the non-reporting group were diverse from none to 
severe: the highest median (>105 CFU/L) was observed in a facility that was not 
associated with a recognized infection. Legionella counts in the cold water sam-
ples were not different (median 0 (<10) CFU/L for both groups, MW, p = 0.435).
To assess the reasons behind the difference in the colonization, those envi-
ronmental factors which were shown or assumed to affect the Legionella titers in 
the samples according to the previous analysis were compared.
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Reporting and non-reporting hospitals did not separate by building charac-
terstics. Most of the facilities were more than 30 years old in both groups. Inter-
estingly, all three new hospitals (built after 2000) were associated with nosoco-
mial infections. Size and complexity of the buildings, hot water production and 
storage were similar.
Of the parameters found to be signifi cant or near signifi cant in the multi-
variate analysis, hot water temperature was also comparable in the reporting and 
non-reporting hospitals (median 42.9 °C and 41.6 °C, respectively, MW p = 
0.442). Source water distribution did not differ signifi cantly (25% vs 18% of the 
samples originated from deep ground water). The proportion of facilities sharing 
the hot water distribution system with other buildings was also the same (55% vs 
62%). The only parameter where difference was observed was the ratio of sys-
tems storing large volume of hot water (>2.5 m3), which was higher among the 
reporting hospitals (71% vs 33%).
The serotype distribution of the isolated Legionella strains, however, was 
fundamentally different (Chi2 test, p < 0.001, Figure 3). In the hospitals reporting 
nosocomial infections, 40% of the isolates were L. pneumophila sg 1, while in the 
non-reporting hospitals only 8%. This serotype, which is most often associated 
with human illness, was detected in 86% of the reporting and 56% of the non-
reporting hospitals. This rate was 57% and 35% for L. pneumophila sg 2–14 and 
14% and 19% for non-pneumophila species.
Discussion
Majority of the Hungarian hot water systems – including health care facili-
ties – are operating without any awareness of Legionella risk or targeted risk 
Figure 3. Serotype distribution of Legionella isolates from hospitals reporting 
and non-reporting nosocomial legionellosis incidents. Strains were isolated from hot and cold water 
samples from the hospitals’ distribution system. Typing was performed by latex agglutination
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management interventions. The high rate of positive samples is a clear conse-
quence of this situation. The present prevalence rates are in the upper segment of 
the previously reported 12–90% [18, 29–35]. Most published surveillance studies 
from various geographic locations (Canada, Taiwan and USA) report 60–70% 
colonization rates on similar sample size [18, 31, 34]. In the study where the rate 
was comparable to the current fi ndings, the hospitals were not randomly se-
lected [35].
The notifi cation rate of health-care associated legionellosis cases was less 
than 1/million inhabitants/year in the past years [9]. The observed colonization 
rates support the presumption that the actual incidence rate is severely underesti-
mated. Diagnostic tests are not routinely directed towards legionellosis due to the 
low awareness of the disease and the absence of environmental monitoring.
Many hospitals offer favourable conditions for the proliferation of le-
gionellae: majority of the facilities are either large, complex buildings, or very 
often follow the traditional “pavilion style” layout, with numerous buildings 
(built at various times, but dating often back to more than a century) dispersed 
over a large plot. The hot water distribution systems are therefore usually exten-
sive, deteriorated, with oversized storage tanks. The large temperature difference 
in the systems indicated ineffi cient (or sometimes absent) recirculation, and the 
presence of low-fl ow or stagnant sections. The hot water temperature is generally 
intentionally low (<45 °C) for energy and cost effi ciency and scalding prevention. 
None of the investigated hospitals met with the European recommendation of 
stored hot water temperature >60 °C, a temperature drop <5 °C, resulting in wa-
ter temperatures >55 °C in the entire system [36]. Due to the low initial water 
temperatures, even the new and well-circulated systems are not suffi ciently safe: 
the three newest (<10 years old at the time of the sampling) investigated hospitals 
were heavily colonized by L. pneumophila sg 1, and all reported nosocomial le-
gionellosis cases.
In all investigated hospitals the present survey was the fi rst analysis for 
the presence of legionellae, as routine environmental surveillance does not ex-
tend to this parameter. The subsequent interventions – required by the public 
health authorities in the case of epidemiological investigation following nosoco-
mial infection, and voluntary in the absence of recognized cases – generally 
failed to eradicate legionellae from the system, and signifi cant reduction of the 
Legionella counts was only achieved after a number of combined measures. 
Heat-shock disinfection was the most frequently applied intervention, but the 
 effi ciency was generally low (1–2 log reducion), and only temporary if perfomed 
without other actions. Besides the cost and the diffi culty of performing heat-
shock disinfection, a further obstacle is the poor mechanical condition of the 
older pipelines, resulting in frequent breakage. One facility successfully applied 
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continuous chemical disinfection, though the fi rst shock disinfection dramati-
cally increased Legionella counts due to the disruption of the biofi lm. Elevated 
hot water temperatures (at least >50 °C in the entire system) also resulted in 
lower CFU counts. However, all of the above interventions were only successful 
when combined with inspection, adjustment and if necessary, reconstruction of 
the network to eliminate stagnant sections and optimize water circulation. Re-
placement of the pipelines is not effi cient in itself, as generally the main pipes are 
left intact and as the present result shows, colonization can occur in a relatively 
short time.
All health-care facilities are elevated risk settings due to the high propor-
tion of patients of compromised immunocompetence, however, some units (such 
as intensive care, haematology, solid organ transplant wards) are even more vul-
nerable. According to the present results, there is no signifi cant difference be-
tween the critical and the other units. However, point-of-use fi lters were usually 
fi rst introduced in the highest risk areas. This was found to be the most effi cient 
and immediate preventive measure, if properly maintained and replaced.
In the hospitals associated with nosocomial infections, the hot water sys-
tem of the facility was usually confi rmed as the potential infective source. Both 
the Legionella counts and the prevalence of L. pneumophila sg 1 was higher 
compared to the hospitals selected randomly for study purposes. L. pneumophila 
sg 1 is generally considered the most virulent subtype responsible for the major-
ity of the recognized infections. However, this association might be biased by 
the fact that the routinely applied clinical urinary tests only screen for L. pneu-
mophila sg 1 antigens.
The current study could not identify the environmental factors infl uencing 
the above differences. Though a number of parameters were associated positively 
with the rate of samples containing Legionella or high CFU counts (such as a 
vulnerable drinking water source or the length and complexity of the hot water 
distribution system), none of them were different in the hospitals reporting le-
gionellosis incidences, and the other facilities. Even the hot water temperature, 
which was confi rmed to be the strongest driver of Legionella colonization, was 
similar in the two groups. Our hypothesis is that all investigated hospitals are at 
risk due to the unsatisfactory management practices, and often incidental factors 
such as the virulence of the colonizing strains infl uence the actual hazard.
The present study in accordance with previous results indicated that the hot 
water system of health-care facilities are important sources of nosocomial le-
gionellosis infections [32, 37]. However, the experience shows that the operators 
are still not aware of the associated risk, and the ad-hoc interventions following 
the positive samples are generally not suffi cient for risk management. Based 
on the present outcomes, a regulatory recommendation was prepared to entail 
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health-care facilities to carry out appropriate Legionella risk assessment and risk 
management including regular environmental monitoring.
Conclusions
Hungarian health-care facilities operate without awareness of Legionella 
risk associated with inappropriately managed hot water distribution system. The 
low water temperature – resulting partly from scalding prevention and energy 
effi ciency considerations, partly from the insuffi cient circulation in the network – 
leads to extremely high colonization rates, often above the internationally recog-
nized public health intervention limit value. Other factors, such as vulnerable 
drinking water source and complex hot water distribution systems were shown to 
aggravate the hazard. While the age of the building is also a risk factor, without 
appropriate risk management practices even the new networks are rapidly colo-
nized.
In those hospitals, where nosocomial legionellosis was reported, both Le-
gionella counts and the prevalence of virulent subtypes were higher. However, 
the environmental factors contributing to this difference were not identifi ed with-
in this study. Targeted risk mitigation measures were usually ineffi cient in eradi-
cating the colonization and signifi cant reduction was only achieved where con-
sistent long-term measures were taken.
The results call for the introduction of a national regulation to ensure regu-
lar Leginella monitoring, risk assessment and risk management in all health-care 
facilities in Hungary to raise awareness to a hitherto underestimated nosocomial 
risk and in the meanwhile reduce the number of actual infections.
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